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ON THE COVER: 
Rock can burn, especially i f  it contains enough 
oil shale. LeRoy N. Sanchezphotographed this 
rock sample, which burned on its own after it 
had been ignited with a torch. Other photo- 
graphs and a story on the prospects of oilshale 
recovery follow inside. 



A Preview: u n lock 8” n Q 
‘Thcre is a lot of oil in 1J.S. shale 

deposits, but don’t think you can 
mine a trunkful and start running 
your car on i t  yet; experts say it will 
be many years before an oil shale 
industry begins operating in thc 
West. A I,ASI, group conducted 
two undcigrountl shale fracturing 
tcstq in late March, with an cyc to- 
ward verifying their cornputcr 
models 01 shalc formations. A 
report on tlicir progress at the 
Colony Mine, northwest of Grand 
Valley, Colorado, leads off in this 
issue. . . 

One I A S L  group, E-2, offers fag t  
turn-around timrs and a divcrsity o f  
products  ha^ includes printing 
wiring circuits and cables. When a 
number 01 boards is to  be drilled, 
K-2 mav turn to the new 96GO.000 

oil shale 

C us iti (o m 
e l e c a r 0 Tp i c:s 

.- 

The! earth’s 
0 L1 t ga ss in g 

years and h;-ls helpcd fabricate sonic 
exotic parts at LASL..  . 

Inside lback cover: 
Among 
our visitors 
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Floodlights helped video cameras record the results of the first underground 
explosion March 28. The Colony Mine was the scene of oil shale research 
mining from 1964 to 1972. Note the steel bolts in the ceiling; mine officials 
say no movement has been detected in years. 

Photos by LeRoy N. Sanchez 

Unlocking 
oil shale: 

ace in the hole? 
By Jeff Pederson 

About 50 million years ago, in the 
Eocene epoch, a shallow lake 
formed where Colorado, Utah and 
Wyoming now meet. Snow melted 
during thousands of springtimes on 
distant highlands, bringing carbo- 
nates and other materials to the 
placid, slightly alkaline lake. 

Over thousands of seasons, algae 
bloomed, died, and decayed in this 
environment. What was left and 
later compressed became trans- 
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formed into substances that contain 
hydrocarbons. These were locked 
into rock strata that were later 
uplifed in the present day Green 
River shale formation. 

Today, it is possible to follow 
these strata for hundreds of miles, 
This  “oil shale” contains between a 
few gallons and u p  to 65 gallons of 
shale oil per ton. At places, the 
strata outcrop in dramatic rock 
bluffs, exposing to the elements 
what is increasingly termed a 

national treasure. 
A well-circulated story tells of a 

homesteader who built his cabin 
fireplace, unknowingly, out of oil 
shale rock. When he lit his first fire, 
he lost his home in the ensuing 
blaze. 

There is reason to believe the 
Indians who inhabited the Green 
River basin before the homestead 
era also knew that oil shale was 
special rock. Today, the oil 
companies are also aware, and have 



owncd by Atlantic Kichficld and 
’l’osc-o Coup., i t  was m i t i c d  cxperi- 
incntally from 1964 to 1972, arid 
cbxists ;is a series of largc roorns aiid 
liallways. Corridors ;ire typically 50 
feot high and 50 feet wide from rib 
to r ib  (wall t o  wall). ‘ I ~ K :  site is 16 
rriilcs norlhwcst of Grand Valley, 
u p  l%r;cliutc creek horn thc Colo- 
rado River. 

A sniall group o f  cxpcrinientcrs 
aiid intcrcstcd rnedia rcprcscrita- 
I ivcs crowded around the tnairi cori- 
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At Colony Mine field 

tests, LASL was trying 

to gather data to 

confirm computer 

models it is developing 

for oil shale recovery. 

trol panel about noon March 28. 
Following some technical delays, 
the blast in the mine’s floor was set 
for 3 p.m. 

An explosive cap was test-fired 
first, to check the circuitry, and its 
brief report was followed by the 
installation of foam earplugs by 
everyone present. Growling sto- 
machs, caused by lunch long 
missed, were forgotten in the final 
waiting moments. 

The  countdown was followed by 
the final connection at the control 
board. A light tremor was felt un- 
derfoot and a boom echoed down 
the giant dark corridors. A dust 
cloud, spawned by the explosion, 
showed on the video monitors. 

Then a much louder noise was 
heard as the ventilation fans began 
to exhaust dust from the test area. 
After the room had been aired and 
checked for safety conditions, re- 
searchers entered to inspect their 
work. 

To the layman, the only tangible 
evidence was a faint sulphur-like 
smell, a light haze in the air, and a 
few chunks of loose rock broken 
from the mine floor. 

It was enough. 
“We’ve been looking forward to 

this for a long time,” said W.J. 
Carter, leader of the In  Situ Science 
(G-7) group. 

“C.L. Edwards (assistant. group 
leader and principal investigator) 

Parachute Creek valley, site of the Colony Mine, features grazing and agricultural lands along the waterway, be- 
neath steep rock outcroppings. At the base of the hill in background is a road built by an energy company as part of 
its oil shale exploration in the Piceance Creek basin. 
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A large herd ol migratory mulc? deer 
is of concerri lo conservationist:; it1 
oil shale country. M/ne guard Norm 
Momson has mduced a farn//y, in 
cluding two apparent orphans, lo eat 
from his hard 

pre1)aring l or  tlic ui-idcrgrouncl 
c:xplosloii tc’st?, R/l;trch 28 and 30. 

1 lsirig cx.prrtisc in cixplosives, 
it1 propvrtic.s, hytlrotlyriarn- 

k s ,  a r i t l  goology, mern bcrs of group 
C - 7  arc gatlicring data to refine and 
c.;j.lit)rate corx~puter ruotlels tliat can 
pcdicr fraci i a w  propcrtics of s1i;ilc 
uuitlrr cxplosion loading. 

‘1’0 tha t  cnd, 1~:dw;ircls supervisod 
tht‘ pl;iccmcmt of iristrunierits arid 
200 pouricls (:I[ rxplosivcs into holes 
drillcd into tliv rriiiica cavity. ANIO, 
o r  ;irniiiotiiiirn nilrate arid f iw l  oil, 
W;IC Ixicked i i i t o  ii l~orcholt: f r o m  28 

depth. ’l‘hc test March 28 was in the 
ntiiict llooi, veriic-al to the p1;inc o f  
shalc. ‘I’hc) M[;~ri.It 30 tcsl was in the 
niiiit, wall, p ; t ~ i t l l ~ l  t o  t l ic  shalc bed. 
l!:ac,lr test frac~iriietl rock; tlic first test 
clitl i t o t  c1ispl;rc:c shalc hLit the 

est crc~atcttl rut)blct in the 

fr.(!t i)eiow t irc  rioor ul, t o  io coot 

In all, loit) scp 
tcst s were ~coritlrictcd w itli cadi 
tdasit. Irisirrrrwrents were placed in 
frm r - ;I nd s ix  -i 1 I ch I 1 i an i et r r  h 01 e:; 
arourid tlir c:xplosivc charges, and 
they relayed ixiformatioii siniul- 
tiiri cousl y to ;ai clahora t d  y tiquipped 
inolvile kihoratory soine 500 feet 
away in thut ( h h r i y  Mine. 

1;lootllights wert‘ sct u p  iii thc test 
room IO provide illurnination for 
thc video camm that woii#d give <;- 
‘7 iiistmt rcplay o f  thr ground 
rnotion at detonation timc. Sccni- 
ingly iricon~yirous, consitlcriiig the 
:;c.icniific mtur(: of r h c  tests,  wcrc 
two rows of :shiiiy tin cans arxion!: 
tlic trails of t1i:ignosiic. wires. -l‘hc 
ems' rnovc!ti-iont, 21s captured on 
vitlcw fapc and I)y high-speed cam- 
( m s ,  would also hclp tcll the story 
of’ tliu: initial surface m o t  ioii when 
chr hlast ocl~rlrrcd. 

Before ilir t tats,  acoustir scdii- 

niiig, coring, arid extensive geo- 
logic studies were performed. ’I‘hesc 
showed where fractures arid joints 
lay, arid provided information 
about the shale’s iiaturally occur- 
ring features. 

During the explosions, particlc 
velocities and rock stresses wcrc 
moasuretl against timc. On video 
tape, on rnotion picture film, on 
computer rncmory, and on analog 
tapr, data were recorded iii the mo- 
hilc laboratory. The information 
would later be analyzed and intcr- 
pretcd in 1.0s Rlamos. 

After the tests, fractures and par- 
ticle sizes wcre being measured 
agaiii to  gauge hefore-and-after 
results. Physical sifting of frag- 
merits, iilctrig with a mine-back in- 
spection, is being carried out. 

The Colony Mine 
The Colony Mine is situated in  

oiic ol the ma,jor sections of the 
Grtwi River shalc formation, the 
I’iceancc: Creek basin of western 
Chlorado. Other shalc dcposits in 
sigriiEir;riit amounts lie in the ‘IJinta 
basin of eastern [Jtah and the Green 
1iivc.r basin of southwestern 
Wyoming. 

Any large-sralt: mining opcra- 
lions in tlic I’iceance Crcck basin 
niust not oiily deal with tailings 
disposd, but with tlic largest 
migratory. herd o f  tker in thc con- 
tinental IJnitetl States. At thc 
Colony Mine, guard Norm Morri- 
son has induced ii family of mule 
decr to cat out  o f  his harid; the 
aiiirnals niay not be as accommodat- 
ing with a series of oil shalc plants 
in thc areil, and cnvironrnentalists 
want to makc sure they arc 

Mine captain Ki Hianchi, with 45 
years’ expcricncc hehind him, 
point.s to thc spotless safety record 

protected. 

50 rnilliwrr years ago, algae bloomed and died 
on a sl-rallow lake. They eventually were trans- 
formed i17to an oil-like substance, now en- 
closed in shale rock, The western U S .  has as 
rriuch of  this oil as Saudi Arabia has proven oil 
reserves. 
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The ‘mahogany zone’ 
of the richest shale is 
the level of the Colony 
Mine. The seam runs 
about 60 feet thick and 
outcrops to the sur- 
face at places. 

of the Colony Mine during its years 
of operation, 1964-72. In this area of 
the Piceance Creek basin, the rich- 
est shale bed, called the “mahogany 
zone,” lies from 400 to 800 feet 
below the surface, depending from 
where one measures from the un- 
dulating terrain above the mine. 

At the Colony Mine, experimen- 
tal extraction has dealt with taking 
out both a 30-foot-high seam and 
the full 60-foot seam of rich oil 
shale, rock that Bianchi described as 
“rubbery.” In either case, wide pil- 
lars are left to support the roof; the 
floor and ceiling are nearly level as 
they are, virtually, the shale seam 
boundary. Steel rock bolts 12 feet 
long are spaced every five feet to 
support the ceiling. Even under- 
ground nuclear tests at nearby 
Rulison, conducted in years past by 
LASL to stimulate natural gas pro- 
duction, have failed to shift the 
underground strata, said Bianchi. 

T o  the uninitiated, the Colony 
Mine seems vast. It measures 1,200 
feet square. But if it were a 
commercial mine, that would only 
represent a two week operation for 
shale recovery. 

Tosco holds a patent on an 
above-ground retort operation, 
which used finely crushed shale 
taken from the mine to produce oil. 
Atlantic Richfield spokesman 
Harold Craige said Arco’s present 
position was, “Wait and see.” It 
would take between three and five 

Head lamps illuminated a dark sec- 
tion of the mine for researchers. 
Safety dictates every person going 
into the mine wear also a self- 
rescuer breathing unit, in case of 
accident. 



y c ~ i r ? ~  to hritig a shale systern 0 1 1 -  

line, lie said, but it would be 10 
ye;irs if hrco wcre startirig fr0rn 
scratch. An cnrircly iiew shale uri- 
tlustry could noi hc furir:tioiiirig 
until 1‘390, ht. !;aid, if i t  were ljcgtln 
today. 

per barrel risk,-sbaring l>i1<~l<;il>~c 
with the govcirriment would I)c 
helpful, but wouldn’~ he cxiuiigh o f  
2111 ii-icetitive tcr triggt:r an indirs’try. 
In lW1, Arco  figured i t  could start a 
slialc plaint. for $ 1  I O  million. ‘t’otlay, 
it woultl take 10 tirncs tha t  amount.  

14:xccipt for ;i skeleton crew, 1.11~ 
C:olony Mine I-cxnains idle. 

c-, ,raigc . also :;aiel thc proposed $3 

Watc:h for vugs 
M;iny pitfalls tiwait the ulmw;iry 

tlieorisl when i r c  moves to the ficld. 
Shalc researchers havc~ foiind t h a t  
“virgs” c i ir i  bc one of thcir most t in -  

ictablc encinics, lor  inslance. 
IC, it has lxvm suggested that 

vugs stantl lor “voids rintlcr- 
ground,” it ciirl’t be proveti; h i t  
chat’s what t1icy ;.Ire. 

Chic p o s s i t k  cxplanatiori for 
vugs’ origins is this: when thc shalc 
matcrid was laid down millions of 
years ago, certain mineral deporjits 
wt-r lcft in pockets or bands. A!; 
groirntl watcr leadied these pockcts 
away, thc result was often vugs. 

Wht?11 L,hSI I pac:ks a tcst cxplo- 
sion a r m ,  workcrs must try t .0  fill 
thc vugs with a speciiil rock- 
matching grout. Otlierwise, if thc 
rock’s mzkciip w n n o t  be approxi- 
rnatcd with  i.his ccmcnt,-and- 
gyp:;nm mixturci, test results can bc 
misleading 01- uiiiisalilc as the shock 
wavc is “soakcd up” by thc ‘vugs. 

“We tried t o  fill thr lower 1w-t  
of om! holc,” said Mike Harps- oE 
G 7 $  “with grout to match the rack. 
h i t  the grout !kept flowing through 
the hole into ihe vugs.” 

The  vugs sornctinics contain 
rnincrals sur11 as calcium carho- 
natc  Ki 1Ji:tnc:hi likes to point 1.0 a 
p;irticul;ir vug, 20 f m t  up on the 
wall of the mine, and tell visitors i t  
Ixisically is hicarbonate of soda. 

“Monilay rnoriiings, whrn tlie 
workcrs arc still hung ovcr, wc go 
up thcrc arid lick that vug,” he 
jokes. “Years of i h t  is what makes 
it look SO white.” 

K o c h  in the computer 
IJsing computer codes to model 

the breakup o f  shalc rock will play 21 
vital role in  the dcvelopment of oil 
sliale tectiriology. Models allow the 
study of c:hanging conditions, such 
as the amount and type ol cxplo- 
sivc, without having t o  run a new 
and expensive set of ficld tests. 

l l i e  tests at the Colony Mine, in 
tirrn, play il major role in  calibrat- 

f l a f o i  G dcton<iIion, fhe borehole containing 200 pounds o f  explosives was 
checked by W J  Carter, Mike Ray, C L Hunter, Ki RiancA/, andPhil Wapner 
/?ow of f i n  cnrrs will move when explosive IS fired, thus giving researchers 
‘)/J extra look at wowid movement on video replay 



Will the blast produce the desired result? C.L. Edwards 
told Mike Ray and Ki Bianchi that a crater may be pro- 
duced from the explosion. 

The final connection 
followed the count- 
down. A light tremor 
was felt underfoot and 
a boom echoed down 
the giant dark corri- 
dors, and the test 
threw up a cloud of 
dust on the video 
monitors. 

8 

ing and refining the computer 
models. Whether oil shale has pre- 
existing flaws that can be opened by 
the explosive is one example of a 
fundamental question that can only 
be answered in the field. 

The effort to model oil shale frac- 
tures is one that draws on the exper- 
tise uniquely available at LASL. 
Many of the computer codes and 
techniques were developed origin- 
ally for other applications, such as 
the study of nuclear fireballs and 
nuclear containment at the Nevada 
Test Site. Knowledge of numerical 
hydrodynamics, material response 
to stress, and explosive character- 
ization is being focused now on 
shale. 

High quality data from the Col- 
ony Mine tests, and from further 
tests, will be the empirical base for 

Zero time: a slight ground 
panied by a muffled report, 
the explosion is shown on 

developing the computer models for 
the future. 

Mining or in situ? 
LASL is expected to conduct a 

third test at the Colony Mine this 
year, again in cooperation with 
Atlantic Richfield and Tosco, and 
again in the range of 200 pounds of 
explosives - capable of fracturing 
400 tons of rock. 

Next year, the Laboratory plans 
at least one large-scale test, al- 
though not as large as what would 
be required in  a commercial opera- 
tion, which is 500 feet on a side by 
800 feet high. 

By the end of the 1981 fiscal year, 
LASL will have presented to the 
Department of Energy a plan for a 
workable oil shale retort, or extrac- 
tion system. The in situ, or in-place, 
fracturing of oil shale is crucial to 



tremor is fell, {iccorn- 
and t h s t  Ihrown rip b y  
thc video scieen. 

Data  were relayed in many ways to the mobile 
laboratory, located hirndreds of feet from the test 
area i i i  the Colony Mine. Here, researchers 
checked iriforrnat/on gathering instruments. 

buy mougli ANlW capable oi frac- 
turing :I ton or shalc. 

“What wc’tx~ after,” said Cartcr, 
is making blasting a science, 

rathcr t h a i i  mi art. ‘[‘his is ii new 
sit II ii  t ion that does11 ’ t I’i t with t hc 
older acc:umrilatcd knowledge of 
blasting. Wlli1t’s requirctl is LI new 
science. ” 

IE LRSL, is ablc to develop a 
viablo in situ oil shale pi-occss, 
above-grouritl facilities would still 
be rcqtrirct-i t o  rcl‘inc: [lie product. 

I < .  
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“Success, ” said G -7 group leader W.J. Carter, left. Agreeing after inspecting 
the results of the first blast were C.L. Edwards, assistant group leader, and Ki 
Bianchi, mine captain at Colony Mine. 
10 

Little visible evidence exists on the 
mine floor after the first explosive 
test, but LASL scientists were im- 
mediately encouraged by what they 
saw. The rock stayed in place, but 
long fracture lines extended out in 
various directions. 

Researchers envision fracturing the 
shale below ground, then heating 
it, using part of the oil substance 
itself as fuel. Such a retort could 
burn for up  to a year at 800 to 900 
degrees F, breaking down the kero- 
gen, which would be collected as 
shale oil in an underground sump. 
From there, it could be piped to the 
surface and refined into useable 
petroleum products. 

A commercial operation would 
require the processing of 50,000 
barrels per day to be economically 
viable. The investment in capital 
would be from $1 billion to $1.5 
billion, just for starters. 

Oil shale, said Carter, “is not just 
around the corner. But it is the 
nation’s ace in the hole.” 

‘This is a new situation 
that doesn’t fit with the 
older accumulated 
knowledge of blasting. 
What’s required is a 
new science.’ 



I 

/ A S / _  host S t ~ r l ~ r ~ g  Golgate (left) exchanged Ideas with speaker Thornas 
Ciold (right). Stirling said “The earth burps methane from deep down.” 
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By Charlie Mitchcll 

‘l‘hc “1,aboratory Activities” 
book says t h a t  group F,-2 “makes 
higliqtiali~y protot.ypc arid lirnitccl 
quant ity electronic assemblies with 
fast trirri-arourid tirncs not available 
corrirruercially.” 

0 1 1  visiling two sections of tlic 
group (Vkctronic Manrifacturing 
and ’I’echriiciari Service), that state- 
ment was h i n d  t o  be an ovcrsim- 
plification. Raul Moralcs, lcadcr o f  
thc Ixirrtcd wiI.iiig scctiori, ;ind 
Leroy P:dwards, supervisor o f  rho 
cahlc shop, not orily offer high- 
quality products and fast turn- 
aroiinrl times; they offer thtrsc bmn- 
fits it1 an amazing diversity of 
unique, sprcial request assemblies. 

Moralcs gave a “tIieri-arid-i~ow” 
toixr o f  the printed wiring section. 
‘IJntil this year, all o f  the printed 
wiring bo;ird niadc to spccificat ions 
in E-% werc done by hand. 

Manuall vs. automatic 
One of tlie more time-consuming 

operations was the drilling o f  the 
somci imcs hundreds of t i i iy holcs in 
the Imards that eventually xcepr 
tlie clcctronic components. ‘I’hc 
opcration required an operator to 
manually position the lmard undor 
a light S O I I ~ C C ,  which projrctcrd the 
irnagtis of the hole locations onto a 
viewing screen. 

As ciich hole was positioned, i t  
was tlrillcd h y  ii tiny, high-speed 
drill press. Only three- boards can be 
stackcd and drillctl simul tancously, 
and t hc rcproduction from top to 
bot torn is subjoct t o  hurnan error. 
‘I‘hcse tirrors can be minimized and 

l’cmitin / ~ ( J ~ T E ~ ( I  aligns a prinkxi wir i rq board hy hand under the “ald” Uni- 
Drill rnachine, which dri l ls hole o m  ;if a h c ? .  ‘T/x Vic?WilJg screen ;if lop right 
allows fho operator to positiorr tho drill CIVW eticti hole localion. 

Photos by Bill Jack F$ocBg~m 
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/..(?e Miller prepares the piinched 
19aper tape th;if will guide the “nr?w” 
dr i l l  during rnarrufactiiring opera - 
lions. 7ho viewing scope and 
:;(men (top confer) is positioiied by 
the “joy stick” ,at console just over 
Mi//er’s right m i ,  The hole locations 
appear on the reE!dout scrwtf above 
the keyboard; they are printed 
:;imultanc?ous/y on the typewriter. A 
master negative is in place under 
the viewing sc:oyre. Above it r i t  roar 
are three drill heads. 

Wiring boards ar9d special cables can be 
oistonr made by E - 2 .  The ‘pride and joy’ 
miichirilc is a ricw $60,000 drill that is keyed 
I”o a computer ant:! uses a master negative. 

nianufacturing opciatiotis, SO that 
tlic flow CJf work will lit. smooth ;iiirl 
lapid. T’hry want to cnsurr that 
they c;in rriaititairi thcii ex( cllent 
tuin-mowid times from iriitial 
ordcr to completion, arid that no 
lmt t l r v r d t r  will clrvr*lnp 

i 1 ~ 1 i  IIJ.\ \ i t ( !  I I I \ [  f t j (  ( l i j i l  V. 1 1 1  

tliaii I0 pieces. IIc anticipates that 
orders will generally rim in the 20 to 

111lL i1ht.i). i J t  U>td iU1 O l C i t l S  ( J l  lCSS 



A 20-spool machine at right feeds cable elements to a braiding machine. In the center, cable is being wrapped with 
tinned copper wire before it is wound onto a reel. Twist in the cable-an important element in design and function- 
is determined by the turning speed of the spool machine. 

50 piece range. As has always been 
the case, this will not be a “produc- 
tion” operation. All of the pieces to 
be made will be unique to LASL 
and not attainable from industry on 
a reasonable time scale. 

With the continuing and increas- 
ing use of the printed circuit in 
electronics, this updated capability 
in E-2 will ensure that the staff a t  
LASL will be able to obtain good 
quality custom circuit boards, 
quickly and relatively inexpen- 
sively. 

Custom cables 
Leroy Edwards’ cable shop at 

Two Mile Mesa could not be more 
different from Morales’. The  cable 
shop uses materials in stock from 

14 

many manufacturers and turns 
them into products unique to 
LASL’s requirements. 

In fact, Edwards said that they 
keep in stock 50 different cable 
assemblies that they’ve made for 
various Laboratory applications. 
Cables of any length, up  to one inch 
in diameter, and having as many as 
20 pairs (40 wires) may be twisted, 
braided, and wound on reels in one 
operation. Both the amount of 
twist, and the density of the braid, 
are variable. 

The  equipment to perform these 
operations is a hybrid. It consists of 
a commercially available braiding 
machine called a “24 carrier unit” 
and a wire-dispensing device 

designed and manufactured by E-2. 
The commercial unit holds 24 

bobbins of tinned copper wire, and 
braids this wire around the cable as 
it passes through the machine. The  
E-2 ancillary machine is essentially 
a rotating spool holder that imparts 
the desired twist to the cable mater- 
ial, Up to 40 kinds of wire or pack- 
ing can be twisted on this machine. 

Edwards said that the twisted 
cable is overlain with the metal 
braid both for strength and electri- 
cal shielding. The  density of the 
braid is expressed in “picks per 
inch” and varies from very open to 
very tight spacing. The  cable shop 
hopes soon to add fiber optic cable 
fabrication to their product line. 

1 



The cable shop keeps 
in stock 50 different 
assemblies that have 
been made for 6abo- 
ratory projects. In one 
opera lion, cables up 
to an inch in diameter 
and having up to 40 
wires may be made. 

I’dwards’ section not only manu- 
f.  <i( tiircs custorn cablcs, but will lit 
thrni wit ti tlic proper ronnectors. 
Many of thcsc coniirctors arc kepr 
in stock at thc cablc shop. Spccial 
coiincctoi’s may bc ordcrcd to the 
customer's spccifications. 

Group E-2 is continuously rnod- 
rrnizing so tha t  ~ h c y  (:an supply thc 
nccds ol 11ic I .aboratory. I’hc elcc- 
tronic:s services group is truly living 
u p  t o  its 11;inic. 

1 eroy €dwartJs l701d.s a seleotm of cables made in 1 -2’s cable shop;some 
of the many 2vailable cilnnt!ctor errcis are also shown 
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Chamber 
to study 

muon decay 
Often it seems that, once a law is 

established, someone soon will be- 
come bent on breaking it. Such is 
the case with four members of the 
Nuclear and Particle Physics group 
(MP-4) who are studying rare decay 
modes of the muon. The  quartet, 
consisting of Minh-Duong Van, 
John Sandoval, Charlie Dalton, 
and Roger Carlini, has assembled 
the world’s first frameless cylindri- 
cal drift chamber. With any luck at  
all, the instrument will allow them 
to observe a one-in-a-trillion event 
which could send the lawmakers 
back to the drawing boards. 

According to Van, theoretical cal- 
culations show that every once in a 
while a muon particle will decay 
into three electrons, or i t  will decay 
into one electron and two gamma 
particles. 

“If we can observe the decay,” 
Van said, “it will mean the current 
accepted gauge group is not large 
enough to explain the laws of weak 
interactions. It will cause added re- 
search to explain the phenomena.” 

Observing a trillion decay modes 
in an attempt to find one specific 
event is pretty touchy business re- 
quiring some sophisticated instru- 
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ments. Seemingly, observation of 
the proposed decay would make 
finding a needle in a haystack look 
like finding an elephant in Ashley 
Pond. Sandoval likens the drift 
chamber to a ,  screen against un- 
wanted decay modes. 

“It will allow only the observa- 
tion of the desired decay,” he said. 
“It will not detect any other type of 
decay.” 

To accomplish this, the MP-4 
researchers have taken pains to 
bend the odds more in their favor. 
The  reasons may be obvious. 

“When you have something that 
happens one in 1012 times you don’t 
want to miss it,” Dalton explained. 

For this reason, Van added, it was 
necessary to design a frameless 
device. 

“If we had any frame whatso- 
ever,” Van explained, “multiple 

scattering would decrease efficiency 
by the third power.” 

Dalton noted that a frame would 
cause deflection of a particle. He 
said, “It could be the particle we’re 
looking for.” 

Copper-beryllium sensing wires 
are integrated in the device at a 
stereo angle to provide additional 
points of reference for spotting the 
desired decay. Dalton explained 
that if the wires were placed only in 
parallel, it would be possible for 
particles to produce confusing sig- 
nals. He said copper-beryllium is 
necessary because of its special 
properties of high elasticity. 

Once in place in the Clinton P. 
Anderson Los Alamos Meson 
Physics Facility (LAMPF) muon 
beam line, the drift chamber will be 
encased in a module surrounded by 
scintillators, and 400 blocks of 
sodium iodide for total energy 
measurements. 

“LAMPF is one of the few, 
perhaps the only place in the world 
where such an experiment is pos- 
sible,” Van said. “It has the world’s 
highest intensity muon beam. 

“Other facilities have high- 
energy, but  low-flux, beams. 
LAMPF is just the opposite. It 
makes it ideal for us. This is all due 
to the farsightedness of such people 
as Louis Rosen (MP-Division 
leader) and Darragh E. Nagle (MP-4 
leader).” 

Van also had praise for the 
LAMPF technical staff, saying the 
drift chamber worked the first time 
it was turned on. Dalton seconded 
Van’s feelings and added, “With 
cleanliness, gas mixture and pres- 
sure-there are so many variables 
that can cause the chamber not to 
work right. It’s pretty rare for a 
device of this type to function on the 
first try.” 

-Vic Hogsett 
1 

This frameless drift chamber was constructed to detect a one-in-a-trillion 
event. Here, from left, Charlie Dalton, Minh-Duong Van, and John Sandoval 
examine the chamber before it is placed in the muon beam line of the 
Clinton P. Anderson Los Alamos Meson Physics Facility. 

Photo by LeRoy N. Sanchez 





Explosion welding 

Before two metal plates are joined with explosion welding, laboratory pre- 
parations are made. Here, Alex Popoff (center), together with Patrick Rod- 
riguez and Earnest Morris of group CMB-6, check the alignment of the two 
plates. The upper, or flyer, plate has been attached to a plywood box and the 
lower, or base, plate has been attached to a plywood sheet. 

By Jeff Pederson 
“In the early days, when we told 

industry people they could weld 
metals with explosives, they would 
just smile politely,” said A.A. 
Popoff, a staff member in Group 
WX-3 of the Design Engineering 
(WX) Division. 

Times have changed since the 
early 1960s, when Popoff worked at 
DuPont as a participant in the pio- 
neer days of explosive welding. The  
process, whereby one metal plate es- 
sentially is driven into another at 
speeds below that of sound, is now 
commonly used in industry. It may, 
however, still be novel to the 
layman. 

Sandwiched coins 
An early application of explosion 

welding was the manufacture of the 
first batch of sandwiched coins used 
in the U.S., after the “solid” quar- 
ters, dimes, and half dollars received 
their death notices. DuPont made 

Morris and Popoff recheck the standoff distance between two metal surfaces. Pins at the corners of the assembly 
will keep the plates apart at a uniform distance until the explosive is detonated. 

Photos by Bill Jack Rodgers 
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A powder explosive IS placed into the plywood box ;ifop thc upper nietal 
plate. The basc plate I S  in foroground. 

Whcm thc explosion oc~:urs, it 
detonation front rnovcs linearly. 
‘I’his (xrisc‘s the two metal plates t o  
irnpirigc; thr. angle is dctcrtninccl by 
rlic separation distance I)etwccn the 
plat  (‘S. 

A rr-cmtryjct of metal is lormctf ai 
t l i c .  high prcssurc cwllision point, 
iinrl ruiis aticwl ol this point. ‘r‘his 
cfkiccs tlic colliding stirl‘aces, antl 
wclding rrsrilts ;is sonioof thcjrt ol‘ 
me ta 1 is trap ped an cl s o  1 idi f ics . 

‘ I ‘I i c  r a p i d  sol id if ica ti0 t i rii tc 
rcxluircd lor the iicw hotid is about 
o n e  ten-thousandth, o r  IO-’‘ 
SCCOII tls. 

I ~ c Y ) ~ ~ ~  who work with cxl)losion 
welding look for ;I wavy pattern ill  

tlir rcsultiirg joiiit, when viewing ;I 
cross swt io i i .  ’l‘lw w;lvcs iricrcasc 
ihc surf‘acx. area o l  t h e  ititcsrlacc. 

Jetting mti occiir ai siil)sonic:, 
sonic, atid sripci-sonic vcloci tics, 
said Popoff, I~ut higher s l ) w d s  
n i c i i i i  untlcsirahle shock wave 
occur. ’I‘liis can (-;\use tlainag:.c t o  
riiatcrial s o ,  in practice, oxplosioii 
wclding is carricd out at collision 
vclocitirs niiic.11 l o w c ~  than the 
sourid vclocities o f  the metals. 

Explosivcs 
F.xplosivcss arc available in  

gascwus, liquid, and solid forms. 
’L’hr clctonation vc’locity o f  ; i n  cx- 
plosivcn is ])roportiorial t o  its t lcn-  
sity, whilc tlic prt’ssiii~t gcticratrtl 
during ;I 1)last is piol)ortiorial t o  
I d i  dc i i s i~y  antl velocity. 

One metal plate is 
driven into another in 
th e explosion we lding 
process. An early ap- 
plication was the first 
batch of sandwiched 
coins used in the US.  
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An explosive cap is placed at one 
end of the plywood box after the ex- 
plosive is in place. The detonation 
front will move from the cap toward 
the other end of the box; welding will 
take place between the metals 
along this path. 

At  S-Site, Popoff and Rodriguez 
place the metal assembly, with ex- 
plosive at the top, at a safe shooting 
location. A protective bunker is in 
the background. Trailing wires are 
covered with earth. 

A cloud of dust is raised when the 
explosive is detonated from the pro- 
tective bunker. This view is through 
a viewing port. 



Many useiul projects have been undertaken at 
L A S L  it-] She last three years. Some 155 tests 
I-9avc~ been shot by Popoff to rr9eet Laboratory 
IC q uir e in c n t s. 
I_ _I_--- ._ III_.---_1_ 

- A fuel clcmcrit body for a dc- 
vice was shapcd for use in a sodiuni- 
cooled test reactor loop. l h c  tran- 
sition joint used consisted of a cop- 
per-mangaricsc alloy shcct wcildod 
on both facms t o  shccts of tantalum; 
- A ~iigh-temp~.ratiire wiritlow 

was fabricated for an Air 1;orc.c 
1. ' iscr, . . using ;I niobium-iroti-  
Inconel 600 transition joint; 

-- Special clads of vanadium- 
co ppcr , and variadi urn - moly b 
dcnuni, will hc cvaluatd by Sandia 
1,at)oratorics to scc i f  they can be 
iisetl a s  lilriitcrs on a controlled 
thermonuclear reaction project; 

Alter the hlasl, flodrigues arid Popoff check the results of the work. Theply- 
wood altauhetd to each metalplate has disappeared, leaving only some glue 
mark:;. The rrrdnls are joined. 



‘It is still an esoteric 
process. It is an art to 
weld with this stuff. 
The theory will prob- 
ably never catch up 
with the practice.’ 

- And, as a “crowning achieve- 
ment,” Popoff notes that an explo- 
sion welded transition joint went 
downhole in the physics package of 
ii nuclear device at the Nevada Test 
Site in 1979. 

It has also been demonstrated at 
LASL that a metal that is not due- 
tile a t  ambient temperatures may be 
welded with explosives if the assem- 
bly is first heated. As an example, a 
tungsten-stainless steel assembly 
was heated to 500 degrees C before 
applying the explosive. 

Explosion welding becomes 
more economical when one of the 
metals involved is expensive. Tan- 
talum, for instance, costs more than 
$60 per pound, and steel costs less 
than $1 a pound. A thin layer of the 
tantalum easily welded over the less 
expensive steel base is attractive to 
industry. Also, in a world of dimin- 
ishing and scarce resources, the use 
of clad metals becomes a real con- 
servation measure. 

“I like to think of explosion 
welding as being tied to other 
metalworking processes such as 
hot- and cold-rolling,” said Popoff. 
“This way, thicker and smaller 
assemblies may be welded and 
existing equipment may then be 
used to arrive at the desired thick- 
ness and area. This is really the 
reason that a metallurgist has an 
appropriate background to work on 
explosion welding. 

“It is still an esoteric Process,” he 
added. “It is an art to weld this stuff. 
The  theory will probably never 
catch up with the practice.” 

Jetting, caused by the explosive, has created a joint between the two plates 
that is stronger than either metal. A spacing pin atone corner remained after 
this shot. 

This micrograph shows in detail a weld CfOSS Section, with distinctive wavy 
pattern caused by the detonation front. Here, a sheet of type 304 austenitic 
Stainless Steel was welded f0 a plate Of carbon Sfeel. The magnification is 
100 times. 
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IO, 15,20 years ago 
10 years ago 

World’s largest safeguards program 
Recognizing the need to control 

internationally the use of atomic 
materials and processes, the Atomic 
Energy Commission established a 
new safeguards program in 1967. 
The  largest research and develop- 
ment project in the world was cen- 
tered at Los Alamos, with labora- 
tories a t  Pajarito Site and Ten Site. 
Physicist G. Robert Keepin was 
named to head group N-6, created 
to carry out the program. 
Project Rulison planned 

L A S L  is  r e s p o n s i b l e  fo r  
designing and developing the nu- 
clear explosive for Project Rulison, 
scheduled for western Colorado. 
Laboratory representatives have 
been at the site, 40 air miles north- 
east of Grand Junction, for weeks. 
The  experiment is to see whether 
natural gas production can be 
stimulated underground. 
Employment increase for lab 

A projected increase in LASL 
employment of 150 persons in the 
next two years was forecast, 
although a cut in K-Division was 
also revealed. A $900,000 cut in 
funding for the reactor division will 
mean a staff reduction of about 12 
men, said LASL officials. K-Divi- 
sion receives its money from the 
Atomic Energy Commission’s divi- 
sion of reactor development and 
technology. 

15 years ago 
Hot run set for Kiwi B-4D 

The Kiwi B-4D reactor is being 
readied for a “hot run” at  the Nu- 
clear Rocket Development Station 
in Nevada. It will be the first such 
test of a Project Rover experimental 
reactor since November 30, 1962. 
Since then, a series of cold flow 

experiments have been performed 
and new designs in the core support 
structure and a seal have been in- 
corporated into the new model. 

Sundts headed for oblivion 
Shed a tear for the Sundt apart- 

ments. After many false starts, they 
are headed to the scrap heap. When 
they were completed in November, 
1943, at a cost of more than $2 mil- 
lion, an optimistic Army official 
said all foreseeable housing re- 
quirements had been fulfilled at 
Los Alamos. He was off by a factor 
of 10. Now, as fast as each building 
becomes vacant by attrition, it will 
be boarded up  or torn down. 
Originally, there were 74 buildings; 
they were heated with coal or wood 
the first several years. 
End of the old technical area 

TA-1, where once the world’s top 
physicists and metallurgists worked 
frantically to prepare the first nu- 
clear weapons, moved to the brink 
of extinction this week. Jim Taub, 
CMB-6 group leader and a LASL 
pioneer, pulled a switch that shut 
down the hot press in the “old 
Sigma” building. This last portion 
of the old Main Technical Area is 
what’s left of the hodge-podge of 
frame, block, and metal buildings 
that once reached east to the standby 
power plant and sprawled across 
Trinity Drive to curl around Ashley 
Pond in downtown Los Alamos. 

Oppenheimer welcomed back 
A capacity crowd gave J. Robert 

Oppenheimer a “warm welcome 
back” at the Civic Auditorium in 
his first public appearance in Los 
Alamos since leaving as LASL 
Director, a post he held from 1943 to 
1945. Oppenheimer, 60, received a 
standing ovation from more than 
900 persons who attended his talk 
on the late Danish scientist Niels 
Bohr. Oppenheimer said quietly he 

was “very deeply moved by the 
warmth of your welcome, and glad I 
could be here tonight to talk of all of 
our pasts, and of our futures.” 

20 years ago 

INSANE project planned 
George Cowan of J-11 has been 

put in charge of the steering com- 
mittee for Project INSANE. It 
started with a group of scientists 
proposing a meeting for “Scientific 
Applications of Nuclear Explo- 
sions,’’ or SANE. Somebne thought 
it could be called “Industrial Appli- 
cations of Nuclear Explosions,” or 
INANE. Another thought was, 
“The Industrial and Scientific Ap- 
plications of Nuclear Explosions,” 
or INSANE. At any rate, the 
meeting is set for July and will in- 
clude representatives from other 
national laboratories in roundtable 
talks. 
Milk studies featured in hearings 

Findings of a LASL study of ra- 
dioactivity in milk and in humans 
form the basis for Congressional 
testimony this week in Washing- 
ton. The  topic is fallout from 
nuclear weapons tests; our presen- 
tation was prepared by Wright H. 
Langham and Ernest C. Anderson 
of H-4. Now in its fourth year, the 
LASL program measures a radio- 
active fission product, cesium-137, 
in people and in the milk supply of 
the  U.S. a n d  some  fore ign  
countries. Samples are received 
each week and measured in the “hu- 
man counter.” The  cesium content 
of humans has shown a definite cor- 
relation with milk from the area in 
which they live. It remains far 
below the maximum permissible 
dose. 

Culled from past issues of the 
LASL Community News, 

the Los Alamos Monitor, and 
The Atom. 
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Solomon Buchsbaum, chairman of the study group appointed by the De- 
partment of Enwyl,y to examine the relationship betwow the University of 
California and the two laboratories if manayes for the DOE, fielded report- 
ers’ questions following an opc?n hearing here Marc/) 20. 

Photo by LoRoy N. Sanchez 

Students from Lovington, New 
Mexico, were ainong the nearly 900 
high school participanls in Scinnce 
Youth Days during the first week of 
April. Here, they viewed the bliio 
glow of the wafer-encased core at 
the Omega West reactor. 
Photo by ILeRoy N. Sanclioc 

Gov. Pete Concha was one of the 
northern New Mexico cornrnunity 
leaders who attended an annual 
buffet and ieception at the Labora- 
tory early this spring. The gathering, 
hosted by /he LASL Director, was 
aimed at infoiming governmental 
leaders about the work done in Los 
Alamos 

Photo by Lcnoy N Sancticz 

Among 
our 
visitors 

€dmuncJ G.  Brown, Jr., governor of 
California, paid a siirprise visit to Lo:; 
Alamos in late March to familiarize 
himself with some of the research 
programs here. 

Photo by Bill Jack Hodgars 



Glen Carter and Chet Kazek of C-5 
observe stalagtites that have grown 
from the ceiling of an office room in 
the Computer Science and Services 
(C) Division. The stalagtites were 
formed as moisture atop the building 
penetrated the roofing material, then 
leached down through a layer of 
pumice insulation and found an out- 
let in a crack of the cement slab 
ceiling. Precipitates, probably from 
both the pumice and the concrete, 
formed the growth. The Engineering 
(ENG) Department said that bids to 
fix roofs at Buildings 123 and 200 
were being let in April; repairs 
should be underway by mid-May. 

Photos by Blll Jack Rodgers 
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